Objective: This study was designed to examine the prevalence of unilateral and bilateral diagonal earlobe creases (DELCs) with respect to the diagnosis of coronary heart disease (CHD).
INTRODUCTION
Coronary heart disease (CHD) is the leading cause of death worldwide; its prevention is a public health priority. 1 As more than 1.3 billion people live in China, the morbidity and mortality of CHD has been growing within the past 30 years. To decrease the burden imposed by the disease, 2 the exploration of the usefulness of various simple and reliable signs of atherosclerosis with respect to the identification of the participants at risk for CHD is urgently needed. 3 Preliminary observations by ancient Chinese traditional doctors suggesting that a 'positive ear-lobe sign' is associated with the development of premature coronary artery atherosclerosis have been heralded. 4 The diagonal earlobe crease (DELC) is the fold or crease in the skin of the ear-lobe originally described by Frank in 1973 . 5 Several other reports regarding DELC as a risk factor for CHD have since been published. 6 Although many studies regarding the relationship between DELC and CHD have been undertaken, very few have focused on differences regarding the correlation of unilateral or bilateral DELCs with CHD. Cohort studies suggest that high-risk participants with unilateral, bilateral, or no earlobe creases, have
Strengths and limitations of this study
▪ The strength of this study is that it used coronary angiography and a standard evaluation sheet for the diagnosis of coronary heart disease (CHD) and diagonal earlobe creases (DELC), respectively. ▪ Further, the study explored the differentiation of unilateral versus bilateral DELCs for the diagnosis of CHD. However, its sample size was small; and the pathogenesis of the apparent relationship between DELC and CHD was not studied. ▪ Although a statistical relationship appears to exist, the biological plausibility of said relationship remains unproven and warrants clarification in future studies.
different prognoses of CHD. 7 8 This study was designed to study the prevalence of unilateral and bilateral DELCs with respect to the prevalence of CHD.
PARTICIPANTS AND METHODS Study participants
From May 2014 to October 2014, 558 consecutive participants (402 males and 156 females) aged 36-91 years, who underwent coronary angiography for either suspected or known coronary atherosclerosis at the First Affiliated Hospital of Nanjing Medical University, were enrolled in this study. The exclusion criteria were as follows: participants suffering from spastic angina pectoris, heart failure, infectious processes within 2 weeks of enrolment, adrenal dysfunction or thyroid dysfunction. This study was approved by the ethics committee of the First Affiliated Hospital of Nanjing Medical University. All participants gave written informed consent.
Coronary angiography
The coronary arteries were cannulated using either the Judkins technique 9 or a radial approach, using 6F catheters, and recorded at a rate of 30 frames/s. The presence of coronary artery stenosis was evaluated following the intracoronary injection of isosorbide dinitrate (ISDN; 2.5 mg/5 mL solution over 20 s). Significant CHD was defined as at least one major epicardial vessel with >50% stenosis, whereas the control was defined as <50% stenosis within each of the major epicardial vessels. 10 Coronary atherosclerosis severity was defined using the Gensini scoring system. The Gensini score was computed by assigning a severity score to the area of each coronary stenosis according to the degree of luminal narrowing and the lesion's geographic importance.
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DELC criteria
A modified evaluation sheet designed by Isha Shrestha was used to assess the DELCs, with the participants seated. 12 A deep diagonal crease (>1 mm) extending obliquely from the tragus towards the outer border of the ear lobe and covering at least two-thirds of the length of the ear lobe was recorded as a DELC. Two trained observers blinded to the participants' diagnoses were employed to examine the participants' DELC statuses and had consensus regarding the presence or absence of a DELC. Subjects' DELC statuses were classified as being without a DELC (figures 1 and 2), having a unilateral DELC (figures 3 and 4) and having bilateral DELCs (figures 5 and 6), and participants with either a unilateral DELC or bilateral DELCs were defined as participants with DELCs.
Cigarette smoking
Cigarette smoking was assessed using a standardised questionnaire. The participants' smoking status was classified as either 'not smoking' or 'smoking' (the latter group included both former and current smokers).
Blood pressure measurement Systolic and diastolic blood pressures were measured by a manual sphygmomanometer in a sitting position after resting for 10 min and three recordings were gathered for each subject (2 min interval between successive Figure 1 The participants' DELC status was classified as without DELC (left). DELC, diagonal earlobe crease. Figure 2 The participants' DELC status was classified as without DELC (right). DELC, diagonal earlobe crease. measurements). The mean systolic (SBP, mm Hg) and diastolic blood pressures (DBP, mm Hg) were recorded.
Laboratory measurements
Total cholesterol (TCH, mmol/L), triglycerides (TG, mmol/L), fasting blood glucose (FBG, mmol/L), fasting high-density lipoprotein cholesterol (HDL-c, mmol/L) and fasting low-density lipoprotein cholesterol (LDL-c, mmol/L), were measured via enzymatic procedures using an automated autoanalyser (AU 2700 Olympus, 1st Chemical Ltd, Japan).
Statistical analysis
The data were analysed using the Statistics Package for Social Sciences (V.16.0; SPSS Incorporated, Chicago, Illinois, USA). The participants were classified into 2 or 3 groups according to their CHD or DELC statuses. Data regarding age and LDL-c were normally distributed parameters and were therefore presented as means±SDs; comparisons were analysed via either an independentsamples t test or a one-way analysis of variance (ANOVA). Skewed data, including TCH, HDL-c, TG, FBG and Gensini scores were expressed as medians and IQRs, and comparisons were analysed via either the Mann-Whitney U test or the Kruskal-Wallis test. Categorical variables such as gender, smoking status, CHD status and DELC status, were compared between the groups, using a χ 2 analysis. ORs regarding the presence of obstructive CHD were determined via either a univariate or a multivariate logistic regression analysis and are presented with 95% CIs.
To analyse possible positive or negative interactions among DELC and age and gender, a 4×2 table was used to calculate ORs, 95% CIs and two-tailed p values, as well as synergy measures either in additive (SI) or multiplicative models (SIM). It was assumed that unexposed individuals without a DELC have a certain background risk for CHD (OR00 is assumed to be 1); OR10 referred to the relative risk of CHD among patients without a DELC for CHD who were exposed to environmental risk factors compared with those without a DELC or exposure; OR01 referred to the relative risk among people with a DELC who were not exposed to the risk factor relative to those without a DELC or exposure; OR11 was the ratio of CHD risk among exposed patients with a DELC to the CHD risk among unexposed patients without a DELC. These ORs were participants used in the calculation of the synergy indexes: SI=(OR11−1)/(OR10+OR01−2); SIM=OR11/(OR10×OR01), the relative excess risk due to interaction, RERI=OR11−OR10−OR01+1 and the attributable proportion of the disease due to the interaction, AP=RERI/OR11. 13 Differences were considered significant if the null hypothesis could be rejected with >95% confidence. All p values are two tailed.
The sensitivity, specificity and predictive value of the DELCs were computed, and the area under the receiver operating characteristic (ROC) curve was computed. 14 
RESULTS
The baseline characteristics of the participants A total of 558 participants (402 males and 156 females) with a mean age of 63.63 years were enrolled in this study. The demographic and clinical characteristics of the participants are presented in tables 1-3. There were significant differences between the with DELC and without-DELC participants with respect to age ( p=0.000), sex ( p=0.001), SBP ( p=0.009), CHD status ( p=0.000) and Gensini scores ( p=0.000); there were also significant differences between the with CHD and without-CHD participants with respect to age ( p=0.046), sex ( p=0.000), smoking status ( p=0.002), glucose ( p=0.027), SBP ( p=0.045) and DELC status ( p=0.000). Moreover, significant differences among the unilateral DELC, bilateral DELCs and without-DELC participants with respect to age ( p=0.000), sex ( p=0.001), SBP ( p=0.018), CHD status ( p=0.000) and Gensini scores ( p=0.000) were noted in this population.
The univariate logistic regression analysis of the characteristics of the CHD and non-CHD groups
The results of the univariate logistic regression analysis of the characteristics of the CHD and non-CHD groups are included in table 4. A 1-year increase in age was associated with a 2.0% increased risk of CHD (OR, 1.020; 95% CI 1.000 to 1.041, p=0.047) in all participants, and a 7.3% increased risk of CHD (OR, 1.073; 95% CI 1.029 to 1.119, p=0.001) among female participants. Compared with male participants, the risk for CHD among female participants decreased by 72% (OR, 0.281; 95% CI 0.183 to 0.433, p=0.000). Additionally, smokers were 109.4% more likely to suffer from CHD (OR, 2.094; 95% CI 1.291 to 3.398, p=0.003) compared The risk of CHD increased significantly among the participants with a unilateral DELC compared with the participants without DELCs among the entire population, and among males and females; the ORs and 95% CIs were as follows: 3.795, 1.987 to 7.246, and p<0.001 for all participants with a unilateral DELC; 3.026, 1.341 to 6.825, and p=0.008 for the male participants with a unilateral DELC; 3.508, 1.104 to 11.149, and p=0.033 for the female participants with a unilateral DELC. Additionally, the participants with bilateral DELCs were 516.4% more likely to suffer from CHD (OR, 6.164; 95% CI 3.790 to 10.024, p=0.000) compared with the participants without DELCs. Moreover, the male participants with bilateral DELCs were 442.0% more likely to suffer from CHD (OR, 5.420; 95% CI 2.804 to 10.477, p=0.000) compared with the participants without DELCs; the female participants with bilateral DELCs were 536.8% more likely to suffer from CHD (OR, 6.368; 95% CI 2.961 to 13.694, p=0.000) compared with the participants without DELCs.
The multivariate logistic regression analysis of the characteristics of the CHD and non-CHD groups A multivariate logistic regression analysis (Forward: Conditional method) was used to identify the risk factors for CHD among the entire population and within gender subgroups. In the multivariate model involving the entire population, we included the following variables: age, gender, smoking status, TCH, TG, FBG, HDL-c, LDL-c, SBP, DBP and DELC; gender was excluded from the subgroup analysis. The results are reported as adjusted ORs and 95% CIs in table 5. Sex (OR, 0.321; 95% CI 0.203 to 0.508, p=0.000) and DELCs 
The relationship between DELC and classical risk factors
The analysis of the possible relationships between the DELCs and the classical risk factors is shown in table 6. Given that the conventional risk of participants unexposed to both classical risk factors and DELCs (reference category) was 1.0, the OR estimating the effect of exposure to both DELC and age (older than 60 years of age), sex (male gender) and smoking status, was significantly higher compared with the ORs estimating the effect of each factor in the absence of the other. The proportion of CHD attributable to the interaction of DELC and age was 13% (SI=1.21, SIM=1.65, AP=0.132), for DELC and sex it was 49% (SI=2.09, SIM=0.81, AP=0.49), while for DELC and smoking status it was 29% (SI=1.49, SIM=0.73, AP=0.29).
An ROC analysis of the DELCs with respect to the detection of CHD An ROC analysis of the DELCs with respect to the detection of CHD is depicted in figure 7 ; the sensitivity of the sign was 78%; the specificity was 61%; the positive predictive value was 89%; the negative predictive value was 41%, and the Youden index was 0.39 with respect to the diagnosis of CHD in this hospital-based population (area under the curve 0.693, 95% CI 0.636 to 0.750, p=0.000).
DISCUSSION
In this hospital-based cross-sectional study of adult Chinese participants with angiographic evidence of coronary atherosclerosis, the primary findings were as follows: DELCs were independently and significantly associated with an increased prevalence of CHD, as Table 4 Univariate logistic regression analysis with respect to the presence of obstructive CHD estimated via coronary angiography, and the positive correlations between DELC and age, gender and smoking status correlated significantly with the risk of CHD; nevertheless, the relative risk of CHD among the participants with bilateral DELCs was the highest among the participants without DELCs, the participants with a unilateral DELC, and the participants with bilateral DELCs. Atherosclerosis is a major source of disability and death in China; as China has grown economically, it has experienced an epidemiological transition with respect to mortality secondary to ischaemic heart disease, as said mortality has more than doubled within the past two decades, and now exceeds 1 million deaths per year. 15 Many of these adverse events took place in individuals free of prodromal symptoms, many of whom were without classical risk factors such as hypertension, hyperlipidaemia, diabetes or obesity. This 'detection gap' has spurred clinicians to attempt to identify extravascular physical signs that can identify individuals at high risk of atherosclerosis. 6 Preliminary uncontrolled observations by a pulmonologist that a 'positive ear-lobe sign' is associated with the development of premature coronary artery atherosclerosis have been heralded. 5 The prognostic significance of DELCs has subsequently been substantiated in more than 40 separate studies, as reviewed by Friedlande, 6 which may reflect differences in age groups, the extent of CHD, ethnic distributions, the criteria for the diagnosis of CHD (based on the presence of chest pain, risk factors, electrocardiographic abnormalities at rest, or CAG) and criteria for the diagnosis of DELCs (either unilateral or bilateral; length, depth or inclination.) However, the relationship between DELCs and CHD remains controversial due to the confounding effects of the above variables. One study evaluating the association between the presence of diagonal earlobe creases and coronary artery disease has shown that the presence of DELCs was related to CHD and the extent of CHD as measured by the number of major arteries narrowed. However, the difference for the recruited criteria of the case and control was the major limitation of the study, because 1086 consecutive patients who denied symptoms of myocardial ischaemia and were admitted to a general hospital for other reasons were recruited as controls, and 338 patients with documented CHD via angiography were employed as cases. 16 Another study demonstrated that DELC was independently and significantly associated with increased prevalence, extent and severity of CHD, and the cases and controls were defined as the result of coronary CT angiography. 17 In addition, the relationship between the DELC and CHD has been confirmed in hospital-based participants 8 and community-based general population, 18 however, the criteria for the diagnosis of CHD are based on the presence of chest pain, risk factors, ECG and other medical histories rather than coronary angiography, and this should be taken into account when interpreting the above results to the general population. In the present study, the sample is comprised solely of Han Chinese people; CHD and control were diagnosed through angiography, and DELC status was strictly defined as without or with unilateral or bilateral DELCs. The primary finding of the present study was that DELCs were significantly linked with CHD, independent of classical cardiovascular risk factors; this study also demonstrated that participants with bilateral DELCs exhibited more stenotic vessels and a higher prevalence of significant coronary artery stenosis compared with the participants without DELCs, as well as those with unilateral DELCs. To the best of our knowledge, this is the first study to investigate the relationship between unilateral DELCs, bilateral DELCs and CAG-certified CHD.
In the present study, the participants with bilateral DELCs were more frequently male and were significantly older. Although smoking status was a strong risk factor for CHD, we observed no differences in the prevalence of either parameter with respect to DELC. In order to analyse the positive and negative correlations between DELC and the classical risk factors, a 4×2 table was used; the synergy measures in additive (SI) models of DELC with age, male gender and smoking status were 1.21, 2.09 and 1.49, respectively. Therefore, positive correlations between DELC and age, male gender and smoking status were observed, and the proportions of CHD attributable to the DELCs and age, male gender and smoking status were approximately 13%, 49% and 29%, respectively. The relationship between DELC and the classical risk factors with respect to the severity and the prevalence of CHD has not been reported previously; therefore, the results of the present study may shed light on the relationship between CHD and DELCs.
The pathophysiological mechanism underlying the correlation between DELCs and CHD remains unclear. Some suggested mechanisms include the following: as many traits reflective of microvascular disease were identified in biopsy specimens taken from the earlobes and the coronary bed, the unbalanced ratio of collagen to elastin and the degeneration of elastin may partially account for the relationship between CHD and DELC; 19 not only are DELCs rare in infants, but skin ageing also parallels the ageing process of the coronary arteries; therefore, DELCs may reflect skin ageing; 20 additionally, a study of Japanese male participants with DELCs and metabolic syndrome demonstrated shortened telomeres (extreme ends of chromosomal DNA) in the participants' peripheral white blood cells, which also implicates ageing. 21 Given that earlobe collagen consists of peptide chains resembling those found on scavenger macrophage receptors used for the ingestion of atheromatous Figure 7 The receiver operating characteristic curve of DELC with respect to the diagnosis of CHD. CHD, coronary heart disease; DELC, diagonal earlobe crease.
cholesterol, DELCs and CAD may share a common pathophysiology. 22 However, the exact mechanism underlying the relationship between CHD and DELC warrants further study.
The strength of this study is that it used coronary angiography and a standard evaluation sheet for the diagnosis of CHD and DELC, respectively. Further, the present study explores the differentiation of unilateral versus bilateral DELC for the diagnosis of CHD. However, this study had several limitations. Its sample size was small; large-scale studies are necessary to substantiate our findings. Furthermore, given that the study involved patients hospitalised for catheterisation with either known or suspected coronary artery disease, its results may not be applicable to an unselected community population, besides, the ratio case/control regarding CHD or the ratio male/female seems unbalance; therefore, community-based large-scale cohort studies are necessary to substantiate our results. Additionally, the pathogenesis of the apparent relationship between DELC and CHD was not studied; therefore, although a statistical relationship appears to exist, the biological plausibility of said relationship remains unproven and warrants clarification in future studies.
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